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An i n v e s t i g a t i o n  was m d e  i n  t h e  LMkL 7 -  by 1 0- f o o t  
t u n n e l  o f  v a r i o u s  m o d i f i c a t i o n s  t o  t h e  t r e , i l i n g  edge  o f  a 
0.255- chord. p l a i n  a i l e r o n  on R seinispan model o f  t h e  t a-  
p e r e d  wing o f  a f i g h t e r  a i r p l a n e .  The m o d i f i c a t i o n s  con-  
s i d e r e d -  i n  t h e  p r e s e n t  r e p o r t  wera,; ( f )  p l a i n  and up-  
r i g g e d  a i l e r o n s  w i t h  f lxGd g o s i t i v s  tabs  t o  ~ r o v i d e  up- 
f l o a t i n g  tei l t l -encies  a n d  a l l o w  r e d - a c t i o n  o f  s t i c k  f o r c e  
t h r o u g h  t h e  u s e  02 c o n v e n t i o n a , l  d i f f e f e n t i a l  a i l e r o n  l i n k -  
a g e s ;  ani! ( 2 )  p l a i n  a n d  downrigged a i l e r o ~ s  w i t h  f i x e d  
n e g a t i v e  t a b s  t o  p r o v l a e  d o w n f l o a t i n g  C,ehdencies a n d  a l -  
l o w  r e d u c t i o n s  o f  s t i c k  f o r c e  t h r o u g h  t h e  u s e  o f  r e v e r s e d  
d i f f e r e n t i a l  a i l e r o n  l i n k a g e s .  The e f f e c t  o f  a gap at  
t h e  a i l e r o n  n o s 2  was i n v e s t i g a t e d  f o r  e a c h  o f  t h e  b a s i c  
m o d i f i c a t i o n s .  

S t i c k  f o r c e s  and  r a t e s  o f  r o l l  were e s t i m a t e d  f o r  a 
f i g h t e r  a i r p l a n e  w i t h  t h e  plain and  w i t h  t h e  m o d i f i e d  
a i l e r o n s .  The computed c h a r a c t e r i s t i c s  i n d i c a t e d  t h a t  
f o r  t h e  a r r a n g e m e n t  t e s t e d  t h e  ut; o f  a i l e r o n s  w i t h  f i x e d  
i n s e t  t a b s  combine6 witl? a s u i t a ^ u l e  d i f z e r e n t  i a l  a i l e r o n  
l i i l k a g e  r a i l 1  r e d u c e  t h e  maximum s t i c k  f o r c e s  t o  40 p e r -  
c e n t  OT l e s s  o f  t h o s e  e x p e r i e n c e d  i n  t h e  u s e  o f  p l a i n  
a i l e r o n s  w i t h  a,n e q u a l  u p n a n d - d o ~ ~ r n - a i l e r o n  l i n k a g e .  ?he 
d e c r e a s e  i n  s t i c k  f o r c e  was g r e a t a r  and t h e  change i n  
a i l e r o n  e f f e c t i v e n e s s  was l a s s  f o r  t h e  n l l e r o n s  w i t h  p o s-  
i t i v e  t abs  t h a n  f o r  t h e  a i l e r o n s  w i t h  n c g z t i v c  t a b s ,  
The r e s u l t s  i n d i c a t e d  t h a t  t h e  T r e s e n c e  o f  a, ga.p at t h e  
a i l e r o n  G O S C  a n d  a l s o  t h e  u s 3  o f  i n i t i a l  a i l e r o n  d e f l e c -  
t i o n  t o  c o u n t e r a - c t  t h a  l i f t  i n c r e m e n t  due t o  t a b ' d e f l c c -  
t i o n  were d s t r i x e n t a l  t o  t h 3  a i l z r o n  e f f e c t i v e n e s s  a n d  
t o  t h e  s t i c k - f o r c a  c h a r a c t e r i s t i c s .  

a 
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I n  v iew o f  t h e  i n c r e a s e d  in?por tnnce  o f  o b t a i n i n g  
a d e q u a t e  l a t e r 2 1  c o n t r o l  w i t h  r e a s o n a b l e  s t i c k  f o r c e s  
u n d e r  all f l i g h t  c o n d i t i o n s  f o r  h i g h- s p e e d  a i r p l a n e s ,  

c o n t r o l  r e s e a r c h .  The p u r p o s e s  o f  t h i s  p rogram a r e  t o  . 

more a c c u r a t e l y  t h e  c h a r a c t e r i s t f c s  o f  v a . r i o u s  m o d i f i c a-  
t i o n s  o f  e x i s t i n g  d e v i c e s ,  

t h e  MACA h a s  engaged  i n  a n  e x t e n s i v e  p rogram o f  l a t s ra l -  t;' 
Ceevelop new l a t e r a l - c o g t r o l  d e v i c e s  and  t o  d e t e r m i n e .  tu 

u1 
P 

I n  t h e  p r e s e n t ;  i n v e s t i g a t i o s  t e s t s  were made o f  
0 .155- chord  a i l e r o c s  wi5h p o s i t i v e  a n d  n e g a t i v e  f i x e d  
i n s e t  t a b s ,  which u?ay be c o n s i d e r a d  a s  s i m u l a t i n g  
a i l e r o n s  w i t h  d r o o p e d  O F  r e f l e x e d  t r a i l i n g  e d g e s  cctnd 
w i t h  s a a l e d  and unsealad g a p s .  I n  t h e  a n a l - y s i s  o f  t h e  ' 

d a t a .  t h e  c a s e s  o f  u p r i g g e d  a i l e r o n s  w i t h  p o s i t i v e  t a b s ,  
d o w n r i g g e d  a i l e r o n s  w i t h  n e g a t i v o  t a b s ,  a n d  n e u t r a l l y  
r i g g e d  B i l e r o n s  w i t h  p o s i t i v e  a n d  n o g a t i v o  t a b s  were 
c o n s i d c r c d .  F o r  t h e  uPriggod a n d  downrigged a i l e r o n s ,  
t h e  a i l e r o n  anglo i n  the ncutra,? .  p o s i t i o n  was such  a s  
t o  cornypensato a p p r o x i m a t e l y  f o r  t h o  li'fC, change  due t o  
t h o  t a b  d e f l - a c t i o n .  . .  

T e s t  I n s t a l l a t i o n  

A semispan- wing model w a s  s u s p e n d e b  i n  t h e  LMAL 7 -  
by 1 0 - f o o t  t u n n e l  ( r e f e r e n c e  1) a s  shown s c h e m a t i c a l l y  i n  
f i g u r e  1. The r o o t  c h a r d  o f  t h e  model was a d j a c e n t  t o  
one  o f  t h e  v e r t i c a l  walls  o f  t h e  t u n n e l ,  t h e  v e r t i c a l  w a l l  
t h e r e b y  s e r v i c g  a s  a r e f l e c t r i o n  p l a n e .  The flow over  a 
s e a i s p a n  i n  t h i s  s e t - u p  i s  e s s e n t i a l l y  t h e  s a z e  a s  i t  
v o u . l d  be  over  a c o m p l e t e  wing i n  a 1- by 2 0- f o o t  t u n n e l .  
A l t h o u g h  a. v e r y  small c l e a r a n c e  v z s  m a i n t a i n e d  between 
'2.h3 r o o t  c h o r d  o f  t h e  mod.el and  8 t-c;nnel w a l l ,  no p a r t  . 
o f  t h e  mode l  was f a s t e n e d  t o  o r  <.n c o n t a c t  w i t h  t h e  t u n n e l  
w a l l .  The node1  was suspended  e n t i r e l y  f r o m  t h e  b a l a n c e  
frame, a s  shown i n  f i g u r e  1, i n  s u c h  a way %Bat all t h e  
f o r c e s  a n d  moaen t s  a c t i n g  on i t  might be  d e t e r m i n e d .  
P r o v i s i o n  was made f o r  c h a n g i n g  t h e  anglo o f  a t t a c k  w h i l e  
t h e  t u n n e l  w a s  i n  o p e r a t i o n .  



3 

The a i l e r o n s  w e r e  G e f l e c t e d  by means o f  EL calibrated 
t o r q u e  s o d  c o n n e c t i o g  t k e  o u t b o a r d  end o f  t h e  a i l e r o n  
w i t h  a c r a n k  o u t s i d e  t h e  ‘ t u n n e l  wall and  t h e  h i n g e  moraents 
were d e t e r m i n e d  f r o n ?  t h e  t w i s t  o i  t h e  r o d  ( f i g .  1). 

Models 

The t a p e r e d- w i n g  model u s e d  i n  t h e s e  t e s t s  was built 
t o  t h e  plan f o r m  shown i n  f i g u r e  2 a n d  r e p r e s e n t s  t h e  
c r o s s - h a t c h e d -  p o r t i o 2  o f  t h e  a f r 3 l r ; n e  shown i n  f i g u r e  3. 
The b a s i c  a i r f o i l  aec+ ; io r+s  V E Z ’ ~  o f  t h e  MACA 230 s e r i e s  
t a p e r i n g  i n  t h i c k n e s s  f ro in  a p p s o x i n n t e i y  159 p e r c e n t  a t  
t h e  r o o t  t o  83, percen t ,  at t h e  t i p  ( t a b l e  I ) ,  The b a s i c  
c h o r d  c1 o f  t h e  m o d e l  was f n c r 8 a e e d  6.3 i n c h  t o  r e d u c e  
t h e  t r a i l i n g - e d g e  t h i c k n e s s  a n d  t h e  l a s t  few s t a t i o n s  
w e r e  r e f a i r e d  t o  g i v e  a smooth ~ o n t o n r .  The d e t a i l s  o f  
t h e  a i l e r o n s  and  t h e  t a t s  a re  shown i n  f i g u r e  4 .  F i g u r e  
5 i s  a d - i ag raEmat i c  compar i son  o f  t h e  actlzanl ailerons and  
t h e  a i l e r o n s  t h a t  t h e y  were i n t e n d e d  t o  s i m u l a t e .  

T e s t  Gondi t  i o n s  

A l l  t h e  t e s t s  were made a t  a dynamic p r e s s u r e  o f  9 .21 
pounds  p e r  s q u a r e  f o o t ,  which c o r r e s p o n d s  t o  a v e l o c i t y  o f  
a b o u t  6 0  rn i l c s  p e r  honr  and  t o  a t e s t  R e y n o l d s  number o f  
a b o u t  1 ,543 ,000  based on t h e  wing mean ae rodynamic  c h o r d  
o f  33.66 inchis. The e f f e c t i v e  R e y n o l d s  number o f  t h c  
t e s t s  was abou t  a s e d  on a tu . r’oulcnce f a c t o r  of  
1 . 6  for t h e  LNAL o o t  t u n n e l .  The p r a s e n t  t e s t s  
were made a t  l o w  s c a L e ,  low v e l o c i t y ,  and h i g h  t w b u l o n c e  
r e l a t i v e  t o  f l i g h t  c o n d i t i o r r s  t o  which t h e  r e s u l t s  are 
a p p l t e d .  The e 5 f e c t e  of  these T i a r i a b l e s  were n o t  d - e t e r l  
mined o r  e s t i m a t e d .  

RESULTS &MD DISCUSSXOM 

C Q e f f i c i e n t  s ar*d C.orrect  i o n s  

n &he sgnbonls used  i n  t h e  p r e s e n t a t i o n  o f  r e s c l t s  a r e :  

l i f t  c o e f f i c i e n b  (L/a_S) 

u-nc o r r  e c t  o d  d r a g  coe f f 1 c i e n t  (D/qS 1 
cL 

cD 
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pi tching- moment  c o e f f i c i e n t  (M/qSc' ) 

ro l l ing- moment  c o e f f i c i e n t  ( L l / q . b S )  

yawing-aoment c o e f f i c i e n t  (N'/qbS) 

a i l e r o n  hinge-moment c o e f f f c  i e n t  (H/qbaGaa) 

a c t u a l  wing c h o r d  a t  a n y  s p a n w i s e  l o c a t i o n  

c h o r d  of b a s i c  a i r f o i l  s e c t i o n  a t  a n y  spanwise  l o c a t i o n  

mean a e r  o d . y n a m i  c c h o r d  

a i l e r o n  cho rd  measured  a l o n g  a i r f o i l  c h o r d  l i n e  from 
h i n g e  a x i s  o f  a i l e r o n  t o  t r a i l i n g  e d g e  of a i r f o i l  

roo t- mean- square  c h o r d  o f  t h e  a i l e r o n  

t w i c e  span  o f  s e x i s p a n  model 

a i l e r o n  span  

t w i c e  a r e a  o f  sem3.epa.n modcZ  

t w i c e  l i f t  or- sernispan model 

t w i c e  drag on semispap  model 

t w i c e  p i t c h i n g  moment o f  s e m i s p a n  model about s u p p o r t  
a x i s  

r o l l i n g  moment, due t o  a i l e r o n  d e f l e c . t i o n ,  a b o u t  
wind a x i s  i n  p l a n e  of symmetry 

yawing  moment, due t o  a i l e r o n  d e f l e c t i o n ,  a b o u t  wind 
a x i s  i n  p l a n e  o f  symmetry 

a i l e r o n  h i n g e  moment 

c lynaaic  p r e s s u r e  of a i r  s t r e a m  u n c o r r e c t e d  f o r  b l o c k i n g  

f r e e - s t r e a m  v e l o c i t y  

i n d i c a t e d  v e l o c i t y  
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6, a i l e r o n  d e f l e c t i o n  r e l a t i v e  t o  w i n g ,  p o s i t i v e  when 

6 i n i t i a l  a i l e r o n  d e f l e c t i o n  ( f o r  n e u t r a l  p o s l t l o n )  

t r a i l i n g  edge  i s  down 
M 
ri Ln 
GI r e l a t i v e  t o  wing,  p o s i t i v e  when t r a i l i n g  edge 

i s  down 
1 a i  

t a b  d e f l e c t i o n  r e l a t i v e  t o  a i ? , e r o n ,  p o s i t i v e  when 
, $ r a i l i n g  edge  i s  down 

t* 
I '  

0 c o n t r o l - s t i c k  der"1ect; ion 

ra tb  0: ch'ange 02 r o l l i n g- m o a e n t  c o e f f i c i e n t  C t l  
, w i t h  h e l i x  a n g l e  pb/2V 

P r a t e  of r o l l  

F s t l c k  f o r c e  

A p o s i t i v e  v a l u e  o f  L' o r  C J '  c o r r e s p o n d s  t o  a n  
i n c r e a s e  i n  l i f t  o f  the model ,  and. a p o s i t i v e  v a l u e  of  N *  
o r  e n 1  c o r r e s p o n d s  t o  a d e c r e a s e  i n  d r a g  o f  t h e  model .  
Twice t h e  a c t u a l  l t f t ,  drag, p i t c h i n g  moment, a r e a ,  and 
span  o f  t h e  model were  u s e d  ir, t h e  r e d u c t i o n  o f  t h e  r e s u l t s  
b e c a u s e  t h e  model reTr r3sen ted  half a c o n p l e t e  wing.  Tho 
d r a g  c o e f f i c i e n t  and  the a n g l e  o f  a t t a c k  have  been c o r r e c t e d  
o n l y  i n  a c c o r d a n c e  w i t h  t h e  t h e o r y  of t r a i l i n g - v o r t e x  
images .  C o r r e s p o n a i n g  c o r r e c t i o n s  were a p p l i e d  t o  t h e  r o l -  
l i n g -  and  yawing-moment c o e f f i c i e n t s .  No c o r r e c t i o n  h a s  
been  a p p l i e d  t o  t h e  hinge-moment c o e f f i c i c n t s .  No c o r r e c -  
t i o n s  have  been  a p p l i e d  t o  any  o f  t h e  r a s u l t s  f o r  b l o c k i n g ,  
f o r  t h e  e f f e c t s  o f  t h e  s u p p o r t  s t r u t ,  o r  f o r  t h e  t r e a t m e n t  
o f  t h e  i n b o a r d  end of the  wing;  t h a t  i s ,  t h e  s m a l l  gap be-  
tween t h e  w i n g  a n &  t h e  w a l l ,  t h e  l e a k a g e  t h r o u g h  t h e  w a l l  
a r o u n d  t h e  sup-port t u b e ,  ana  t h e  boundary  l a y e r  at t h e  
w a l l .  These  effects a r e  p r o b a b l y  o f  s econd- orde r  impor-  
t a n o e  f o r  t h e  r o l l i n g -  and yawing-moment o o e f f i c i e n t s  (which  
a r e  b a s i c a l l y  i n c r e m e n t a l  da ta . )  b u t  ma$ have  more e f f e c t  
on t h e  o t h e r  f o r c e s  and moments, p a r t i c u l a r l y  on t h e  drag 
c o e f f i c i e n t s ,  I t  i s  f o r  t h t s  r e a s o n  t h a t  t h e  d r a g  e o e f f i -  
c f e n t s  a r e  r e f e r r e d .  t~ as  u n c o r r e c t e d .  

S 

t 

J 
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C h a r a c t e r i s t i c s  o f  H o d e l  w i t h  A i l e r o n  N e u t r a l  3 

The c h a r a c t e r i s t i c s  o f  t h e  wing niodel w i t h  t h e  p l a i n  
a i l e r o n  f i x e d  a t  z e r o  a r e  sbown i n  f l g u r e  6 .  

S i m i l a r  d a t a  were  n o t  o b t a i n e d  d i r e c t l y  f o r  t h e  wing 
model w i t h  t h e  v a r i o u s  m o d i f i e d  a i l e r o n s  f i x e d .  a t  z e r o ;  t;' 
t h e  c h a r a c t e r i s t i c s  o f  t h e  model w i t h  t h e s e  a i l e r o n s  w e r e  P o b t a i n e d .  by r e p l o t t i n g  t h e  dat .a  o b t a i n e d  i n  t e s t s  of t h e  u4 

U-l 

a i l e r o n  w i t h  a f u l l - s p a n  f i x e d  t a b .  F o r  t h e  u p r i g g e d  a n d  
downr igged  a i l e r o n s  w i t h  f i x e d  p o s i t i v e  a n d  n e g a t i v e  t a b s  
t h e  a i l e r o n  d e f l e c t i o n s  were a d j u s t e d  t o  c o u n t e r a c t  t h e  
l i f t  due t o  t a b  a e f l e s t i o r ,  a t  a n  a n g l e  02 a t t z c k  of  a b o u t  
0.1'. The a d j u s t m s n t s ,  however ,  d i d  n o t  e x a c t l y  c o u n t e r -  
a c t  t h e  l i f t  due t o  t h e  t a b  a t  high a n g l e s  o f  a t t a c k  o r  
t h e  d r a g  due t o  t h e  t a b  a t  h i g h  o s  l o w  a n g l e s  o f  a t t a c k .  
The r o l l i n g  and  yawing  moments due t o  t a b  and  i n i t i a l  
a i l e r o n  d - e f l e c t i o i i  woul4 be o f  o p p o s i t e  s i g n  f o r  t h e  r i g h t  
and. l e f t  a i l e r o n s  a n d  would appear .  on t h e  a i r y l a n e  a s  

.. i n c r e m e n t s  i n  l i f t  a n d  d r a g  o n l y .  

A i l e r o n  C h a r a c t e r i s t i e s  

\ P l a i n  a i l e r o n s . -  The c h a r a c t e r i s t i c s  o f  t h e  p l a i n  
s e a l e d  and. u n s e a l e d  a i l e r o n s  a r e  p r e s e n t e d  i n  f i g u r e  7 .  
A c o m p a r i s o n  o f  t h e  r e s u l t s  shows t h a t  a t  
t he  p r e s e n c e  o f  a 0 . 0 0 5 ~  gap a t  t h e  a i l e r o n  n o s 8  r e d u c e d  
t h e  e f f e c t f v o n e s s  o f  t h e  a i l e r o n  t;y a3out 1 6  pe rcen t .  a n d  
i n c r e a s e d  t h e  hinge-moment i z c r e m e n t  by a b o u t  1 2  p e r c e n t  
b u t  h a d  l i t t l e  e f f e c t  or, t h e  s l o p e  o f  t h e  hinge-moment 
c u r v e  aC,/aaa, a t  small d e f l e c t i o n s .  

t e r i s t i c s  o f  t h e  u p r i g g o d  a i l e r o n s  w i t h  p o s i t t v e  t a b s  a r e  
p r e s e n t s d  f o r  s e a l e d  and? u n s e a l e d  g a p s  i n  f i g u r e s  8 a n d  9 ,  
r e s p e c t i v e l y .  T h e  a i l e r o n s  w i t h  s e a l e d  g a p s  h a d  l a r g e r  
f l o a t i n g  a n g l e s  t h a n  t h o s e  v i t h  u n s e a l e d  g a p s  a n d  a l s o  h a d  
a, m o r e  r e g u l z r  i n e r e a s 3  i n  f l o a t i n g  a n g l e  with t a b  d e f l e c -  
t i o n .  A s  a n t i c i m a t e d  f r o m  t h e  p l a - i n  a i l e r o n  tc?sts, t h e  
s e a l s d  a i l e r o n s  were  also s o r e  e f f e c t i v e  t h a n  t h o  a i l e r o n s  
w i t h  t h e  0 . 0 0 5 ~  g a p s .  

Sa  = 115' 

Umrigged. a i l c r o n s  w i t h  p o s i t i v e  tabs,- The c h a r a c -  

Downrigged a i l e r o n s  w i t h  n e g a t i v e ,  t abs  .- The c h a r a c-  
t e r i s t i c s  o f  t h e  downrigged a i l e r o n s  Frith n e g a t i v e  t a b s  
a r e  shown f o r  s e a l e d  a n d  anseaZed g a p s  i n  f f g u r e s  10 a n d  
11, r e s p e c t i v e l y .  The s e a l e d  a i l e r o n s  a g a i n  were more 
e f f e c t i v e  t h a n  t h o s e  wi th  t h e  u n s e a l e d  g a p s  a n d  had  a' 

I _- 
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l a r g e r  f l o a t i n g  a n g l e s  and. m o r e  r e g u l a r  v a r i a t i o n  o f  
f l o a t i n g  a n g l e  w i t h  t a b  d e f l e c t i o n .  The u p f l o a t i n g  a n g l e s  
o f  t h e  u p r i g g e d  a i l e r o n s  were l a r g e r  t h a n  t h e  d o w n f l o a t i n g  
a n g l e s  o f  t h e  downrigged a i l e r o n s .  The tab s t a l l e d  at 
s m a l l e r  a i l e r o n  d e f l e c t i o n s  a n d  p r o d u c e d  hinge-moment 
c u r v e s  t h a t  were lnuch more i r r e g u l a r  f o r  t h e  downrigged 
a i l e r o n s  t h a n  f o y  t h e  u p r i g g e d  a i l e r o n s  a n d  also c a u s e d  a 
l o s s  i n  e f f e c t i v e n e s s  f o r  t h e  downrigged a i l e r o n s .  

The r a t i o  of a d v e r s e  yawing  moment t o  r o l l i n g  moment 
a t  a hie21 a n g l e  o f  a t t a c k  was l a r g a r  f o r  t h e  downrigged 
a i l e r o n s  t h a n  f o r  t h e  p l a i n  and u p r i g g e d  a i l e r o n s ,  The 
da t a  o f  r e f e r o n c e  2 i n d i c a t e  t h n t  t h e  i m p o r t a n c e  o f  
a i l e r o n  yawing moments 2 s  g r e a t l y  d e p e n d e n t  upon t h a  c h a r-  
a c t e r i s t i c s  of t h e  indiv idu 'a :  a i r p l - a n a  and t h a t  t h e  ill 
e f f e c t s  o f  a d v e r s e  a i l s r o n  yawing  momont tondl  t o  d i s a p p e a r  
a s  t h e  w e a t h e r c o c k  s t a , b i l i t y  o f  t h e  a i r p l a n e  i s  i n c r e a s e d  
a n d  a s  t h e  e f f e c t i v e  d i h e d r a l  i s  d e c r e a s e d .  

B e u t r a l L s  r i a a e d  a t l e r o n s  w!*& t a b s . -  Xn o r d e r  t o  
r e d u c e  t h e  l o s s  o f  e f f e c t i v e n e s s  o f  t h e  downrigged a i l e r o n s  
and- t o  i n c r e a s e  t h e  f l o a t i n g  a n g l e s  of b o t h  t h e  u p r i g g e d  
a n d  t h e  downrigged a i l e r o n s ,  t h e  a i l e r b n s  were  assumed t o  
be n e u t r a l l y  r i g g e d  and  t h e  d a t a  o f  f i g u r e s  8 and 1 0  w e r e  
r e p l o t t e d  w i t h  no i n i t i a l  a i l e r o n  d e f l e c t i o n ;  t h a t  i s ,  t h e  
a i l e r o n s  were n o t  d e f l e c t e d  t o  c o u n t e r a c t  t h e  l i f t  i n c r e -  
ment hue t o  t a b  d e f l e c t i o n .  T h e s e  d a t a  a r e  p r e s e n t e d  f o r  
t abs  d e f l e c t e d  p o s i t i v e l y  and  n e g a . t i v e l y  i n  f i g u r e s  12 
and  13, r e s p e c t i v e l y .  

E s t i m a t e d  R a t e s  o f  B o l l  a n d  S t i c k  F o r c e s  

Xn o r d e r  t o  t a k e  a d v a n t a g a  o f  t h e  f l o a t i n g  t e n d e n c i e s  
o f  t h c  a i l e r o n s ,  t w o  d i f f e r e n t i a l  l i n k a g e s  were  d e s i g n e d  
a n d  t h e i r  c h a r a c t e r i s t i c s  ;Lire p r e s e n t e d  i n  f i g u r e  1 4 ,  

The r a t e s  o f  r o l l .  and t h e  s t i c k  f o r c e s  d u r i n g  s t e a d y  
r o l l i n g  o f  t h e  a i r p l a n e  o f  f i g u r e  3 have  been  e s t i m a t e d  
f r o m  t h e  da ta  o f  f i g u r e s  7 t o  13. The r a t e s  o f  r o l l  were 
es t i i -na ted  by rceans o f  t h e  r e l a t i o n s h i p  

cZ'P was taken 
where t h e  c o e f f i c i e n t  o f , d a m p i n g  i n  r o b 1  

as  0.46 f r o m  t h e  d a t a  o f  r e f e r e n c e  3 .  1% has been assumed 
t h a t  t h e  r u d d e r  w i l l  be u s e d  t o  c c l n t e r a c t  t h e  yawing 
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moment a n d  wing t w i s t  h a s  b e e n  n e g l e c t e d .  The s . t i c k  
f o r c e s  were  e s t i m a t e d  f r o m  t h e  r e l a t i o n s h i p  

which  may be d e r i v e d  from t h e  a i l e r o n  d i m e n s i o n s  a n d - t h e  
f 011 owing a i r p l a n e  c h a r  a c t  e r  i s t  i c s : 

c 
L'l 
P 
Ul 

Wing a r e a ,  so- f t  . . . . . . . . . . . . . . . . . .  260 

T a p e r  r a t i o  kk.* 1 67:l' 

Mean ae rodynamic  c h o r d ,  ,in. . . . . . . . . . . . .  84.24 
Weigb t ,  l b  . . . . . . . . . . . . . . . . . . . .  7063 
Wing l o a d i n g ,  l b / s q  ft . . . . . . . . . . . . . .  27.2 
Maximum s t i c k  de f 1 e c t i o n ,  
Maximum t o t a l  a i l e r o n  d e f l e c t i o n ,  deg  (tip a i l e r o n  

. . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  
Span,  f t  3 8, 

A i r f o i l  s e c t i o n  ( b a s i c )  . . . . . . . .  UACB 230 s e r i e s  

S t i c k  l e n g t h ,  f t  . . . . . . . . . . . . . . . . . .  2 
d o g  . . . . . . . .  k21 6s * 

p l u s  down a i l s r o n )  . . . . . . . . . . . . . . .  32 

The v a l u e  of t h e  c o n s t m t  i n  eq -ua t ion  ( 2 )  i s  dependen t  ' 

upon t h e  wing L o a d i n g ,  t h a  s i z e  o f  t h e  a i l e r o n s ,  and t h e  
l e n g t h  o f  t h e  s t i c k .  T h o  s u b s c r i p t s  u and  d r e f e r  t o  
t h e  u-p a s d  down a i l s r o n s ,  r o s p e c t i v o l y .  The v a l u e s  of 
d6,/des were d e t e r m i n e d  from f i g u r e  1 4  f o r  t h e  d i f f o r e n -  
t i a l  l i n k a g e s  a n 6  had  a c o n s t a n t  v a l u e  o f  -16/21 f o r  t h e  
e q u a l  up-and-down l i n k a g e .  Th.o v ~ l u c s  o f  and! ch 
u s e d  i n  e q u a t i o n s  (1) a n d  ( 2 )  a r c  t h e  v a l u e s  t h o u g h t  t o  
e x i s t  d u r i n g  s t e a d y  r o l l i n g ;  t h e  d i f f c r c n c c  i n  a n g l e  o f  
a t t a c k  o f  t h e  t w o  a i l e r o 3 s  dne  t o  r o l l i n g  h a s  bcen t a k e n  
i n t o  a c c o u n t .  I n  o r d e r  t o  be  a b l )  t o  t a k e  i n t o  a c c o u n t  
t h e  d i f f e r e n c e  i n  a n g l e  o f  a t t a c k  o f  t h e  t w o  a i l e r o n s ,  
t h e  r o l l i n g -  and hinge-moment c o e f f i c i e n t s  were  r e p l o t t e d  
a g a i n s t  a n g l e  o f  a t t a c k  f o r  s e v e r a l  a i l e r o n  d e f l - e c t i o n s ,  
and  t h e  f a i r i n g  b e t w e s n  t h o  p o i n t s  a t .  a F 0.11' a n d  t h e  
p o i n t s  a t  
c u r v e s  f o r  t h e  p l a i n  a i l e r o n ,  which  wsre c r o s s  p l o t s  o f  
f i g u r e  ~ ( b ) .  

a = 13.35' was g u i d e d  by t h e  f a i r i n g  of t h e  

When a n  a i l e r o n  h a s  a n  u p f l o a t i n g  t e n d e n c y ,  t h e  use  
o f  a p r o p e r l y  d e s i g n e d  d i f f e r e n t i a l  l i n k a g e  w i l l  r e d u c e  
t h e  h i g h- s p e e d  s t i c k  f o r c e s ,  b u t ,  s i n c e  t h o  u p f l o a t i n g  
a n g l e  of t h o  a i l e r o n  u s u a l l y  i n c r e a s e s  a s  t h e  speed  i s  
reduced-,  t h c  d - i f f e r e n t i a l  becomes i n o r e  e f f o c t i v e  and  t h e  
s t i c k  f o r c o s  mny be  o v e r b s l a n c c d  a t  l o w  s p e e d s .  T h i s  
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I t e n d e n c y  ma.y be overcome by d e s i g n i n g  t h e  d i f f e r e n t i a l  for.  
t h e  l a r g e s t  u p f f o a t i n g  a n g l e  t h a t  t h e  a i l e r o n  i s  e x p e c t e d  
t o  h a v e  ( r e f e r e n c e s  4 a n d  5 ) ,  b u t  t h e  s y s t e m  w i l l  s t i l l  
have  a l a r g e  v a r i a t i o n  o f  s t i c k  f o r c e  w i t h  s p e e d .  I t  w a s  
t h o u g h t  t h a t  r e v e r s i n g  t h e  d i 2 f e r e n t j . a - 1  a n d  g i v i n g  t h e  . 
a i l e r o n  a d - o w n f l o a t i n g  a n g l e  which  would d e c r e a s e  i n s t e a d  
of  i n c r e a s e  a s  t h e  s p e e d  was r e d u c e d  would g i v e  t h e  s y s -  
tern a s m a l l e r  v a r i a t i o n  o f  s t i c k  f o r c e  w i t h  s p e e d .  A 
c o m p a r i s o n  o f  f i g u r e s  15  a n d  1'7 o r  o f  f i g u r e s  1 6  a n d  1 8 ,  
however ,  s h o w s  t h a t  t h e  r e s u l t s  o f  t h e  s t i c k - f o r c e  compu- 
t a t i o n s  do n o t  s t r o n g l y  s u p p o r t ,  t h o  p r e c e d i n g  a n a l y s i s .  
The somewhat d i s a p p o i n t i n g  r e s u l t s  a r e  a s c r i b e d  t o  t h e  
f a c t s  t h a t  t h e  v a r i a t i o n  o f  a i l e r o n  f l o a t i n g  a n g l e  w i t h  
a n g l e  o f  a t t a c k  i s  sniall 2 o r  t h i s  model ,  t h a t  t h e  down- 
r i g g e d  a i l e r o n s  w i t h  n e g s t i v e  t a b s  were  l e s s  e f f e c t i v e  
and  h a d  s t e e p e r  a n d  more i r r e g u l a r  hinge-moment c u r v e s  

t h e  t a b s  on a l l  a r r a n g e m e n t s  w e r a  l e s s  e f f e c t i v e  a t  high 
t h a n  a t  l o w  a n g l e s  o f  a t t a c k .  

M 
rt 
In 

2-4 

' t h a n  t h o  u p r i g g e d  a i l e r o n s  w i t h  p o s i t i v e  t a b s ,  amd t h a t  

I t  i s  thought,  t h a t  on low-drag a i r f o i l s ,  w h e r e  t h e  
v a r i a t i o n  o f  f l o a t i n g  a n g l e  w i t h  a n g l e  o f  a t t a c k  i s -m u c h  
g r c a t e r  t h a n  on t h e  DACA 230 s e r i e s ,  t'hG r c v o r s e  d i f f e r -  
a n t i a l  a n d  n a g a t i v e  t a b  would  have  b e t t o r  s t i c k - f o r c e  
c h a r a c t e r i s t i c s  t h z n  t h e  c o n v e n t i o n a l  d i f f e r e n t i a l  a n d  
p o s i t i v e  t a b .  A compar i son  o f  f i g u r e s  15 a n d  37 w i t h  f i g-  
u r e  1 9  shows t h a t  o l i m i n a t i n g  t h e  i n i t i a l  d e f l e c t i o n  of  
t h o  a i l e r o n s  i n c r e a s e d  t h e i r  c f f c - , t i v i n c s s  a n d ,  b e c a u s e  
of  t h o  l a r g e r  f loP .k ing  Rnglgs, r c d u c o d  .the maximum h i g h -  
spGed s t i c k  f o r c o s  t o  a b o u t  30  o r  35 9 o u n d s .  The nou- 
t r a l l y  r i g g e d  a i l e r o n  w i t h  t h e  -200 t a b ,  however ,  was  
o v o r b a l n n c o d  f o r  t h e  low-speed- c o n d i t i o n .  T h i s  u n f o r e -  
s e e n  c i r c u m s t a n c e  was cnused  by t h e  f s c t  t h a t ,  a t  the h i g h  
a n g l e  of a t t a c k ,  t h e  t a b  was p a r t l y  s t a l l e d  f o r  a l l  neg-  
a t i v e  a i l e r o n  d a f L e c t i o n s . a n d  f o r  p o s i t i v e  d e f l e c t i o n s  up  
t o  n e a r l y  190. ( S o c  f i g .  13(b).) The e s t i m a t e d  h i n g e -  
m o m e n t- c o e f f i c i e n t  c u r v e  o f  f i g u r e  13(b) w a s  basod  on t he  
a s s u m p t i o n  t h a t  t h e  t a b  s t a l l  would be  d e l a y e d  c o n s i d e r-  
a b l y  by  i n c r e a s i n g  t h e  R e y n o l d s  number t o  t h a t  o f  f l i g h t  

t h a n  t h a t  u s e d  i n  t h e  p r e s e n t  t e s t s .  T h i s  l a s t  a s s u m p t i o n  
i s  j u s t i f i e d  by t h e  u n p u b l i s h e d  r e s u l t s  o f  t e s t s  o f  a i l e r -  
o n s  w i t h  b e v e l e d  t r a i l i n g  edges  i n  which r o u n d i n g  t h e  c o r -  
n e r s  o f  t h e  b e v e l  r e s u l t e d  i 2  a n  improvement i n  t h e  a i l e r -  
on c h a r a c t e r i s t i c s .  A comparison be tween  t h e  a c t u a l  a n d  
t h e  s i m u l a t e d  a i l e r o n s  ( f i g .  5 )  s h o u l d  be  similar t o  a 
co inpar i son  o f  t h e  a i l e r o n s  w i t h  .sharp and  w i t h  rounded  
b e v e l  c o r n e y s .  The s t i c k  f o r c e s  which  were  computed 

, c o n d i t i o n s  a n d  by u s i n g  a smoother  a i l e r o n - t a b  j u n c t u r e  
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u s i n g  t h e  e s t i m a t e d  hinge-moment-coefficient c u r v e  o f .  f i g -  
u r e  13(b) were  n o t  o v e r b a l a n c e d  a t  l o w  s p e e d .  ( S e e  f i g .  
1 9  .) A l t h o u g h  n o  c o r r e s p o n d i n g  ro l l ing-moment  c o e f f i c i e n t s  
were e s t i m a t e d ,  i t  i s  p r o b a b l e  tha t :  such  a,n e s t i m a t e d  c u r v e  
would show a l a r g e r  a i l e r o n  e f f e c t i v e n e s s  t h a n  do t h e  c u r v e s  
o f  f i g u r e s  13(b) a n d  1 9 .  

c OrnCLUS I 03s 

The r e s u l t s  o f  t h e  t e s t s  o f  0 .155- chord  a i l e r o n s  on 
. a n  F A C A  230 s e r t e s  a i r f o i l  and  t h e  c o m p u t a t i o n s  i n d i c a t e d  

t h a t ,  f o r  t h e  a r r a n g e m e n t  t e s t e d ,  t h e  u s e  o f  a i l e r o n s  w i t h  
f ixed.  i n s e t  t a b s  combined w i t h  a s r i i t a b l e  d i f f e r e n t i a l  
a i l e r o n  l i n k a g e  c a n  r e d u c e  t h e  ~ a x ' _ m c m  s t i c k  f o r c e s  t o  
a b o u t  40 p e r c e n t  o r  l e s s  of  t h e  f o r c e s  e x p e r i e n c e d  i n  t h e  
u s e  o f  p l a i n  a i l e r Q n s  w i t h  a n  e q u a l  up-and-down l i n k a g e .  
The d e c r o a - s e s  i n  s t i c k  f o r c e s  were  g r e a t e r  a n d  t h e  c h a n g e s  
ia a i l e r o n  e f f e c t i v e n e s s  were ' l e s s  € o r  t h e  a i l e r o n s  w i t h  
p o s i t i v e  t abs  t h a n  f o r  t h e  a i l e r o n s  with n e g a t i v e  t a b s .  
The r e s u l t s  i n c ? i c a t e d  t h n t  t h e  p rase r i ce  o f  a gap a t  t h e ,  
a i l e r o n  n o s e  and a l s o  t h e  u s e  o f  initfal a i l e r o n  d c f l e c -  
t i o n  t o  counCoract th.c l i f t  incrzmi3ct due t o  t a b  d e f l e c -  
t i o n  were d e t r i m e n t a l  t o  the a i l - : * o x  e f f e c t i v e n e s s  and # 

t o  t h e  s t i c k - f o r c e  c b a r a c t e r 9 s t i z s .  
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Ha5ional Actvisory Conxi i t tee  f o r  A e r o n a u t i c s ,  

L a n g l e y  F i e l d ,  Va, 
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Figure 2.- Semispan model of tapered wing. 
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